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Geometry and Requested Case
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Optional Cases

Full Chord Gap Partial Chord Gap

1a/b 1c/d
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Case 1 Grid Families

Number of Points Number of Cells

Series Type Points	(M) Cells (M) Developer Tool

A Overset 24,	65,	189,	565 23,	64,	185,	554 NASA	Ames ANSA+CGT

B1 Tetrahedral 8,	26,	70,	206 48,	157,	416,	1228 Pointwise Pointwise

B2 Mixed	(prism	
dominant)

8,	26,	70,	206 22,	65,	170,	541 Pointwise Pointwise

B3 Mixed	(hex	
dominant)

8,	27,	71,	208 18,	48,	119,	397 Pointwise Pointwise

C Structured
point-matched

10,	77,	338 8,	68,	311 GridPro GridPro

Blue=Coarse
Green=Medium
Black=Fine
Red=X-Fine
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Case 1 Participants 29 Participants
46 Datasets
• Case 1a =46
• Case 1b = 2
• Case 1c = 10
• Case 1d = 2Detailed List

Item PID Author Model Code 1a 1b 1c 1d Committee	Grid Participant	Grid Plot	Symbol
1 001.1 Chen SA Mflow I 	 I B3 	 A	solid
2 002.1 Ashton SA OpenFOAM I d-HLCRM B	solid
3 002.2 Ashton SA Star-CCM+ I d-HLCRM B	dash
4 003.1 Zastawny SST Star-CCM+ y y B3 	 C	solid
5 003.2 Zastawny SA Star-CCM+ y B3 	 C	dash
6 003.3 Zastawny ke	lagEB Star-CCM+ y B3 	 C	dot-dash
7 004.1 Glasby SA-neg Kestrel/COFFE I B1 	 D	solid
8 004.2 Eymann SA Kestrel I participant	(?) D	dash
9 004.3 Nichols BSL Kestrel/KCFD y B2 	 D	dot-dash
10 004.4 Nichols SA Kestrel/KCFD y B2 	 D	dot-dot-dash
11 006.1 Edge SA-RC-QCR CFD++ y B2 	 F	solid
12 007.1 Michal SA-QCR GGNS y y y y B1 special	(a- G	solid
13 008.1 Yasuda SA-noft2 Cflow y y y y B3 n-HLCRM H	solid
14 011.1 Ito SA-noft2-R TAS y B3 	 K	solid
15 011.2 Ito SA-noft2-R-QCR2000 TAS y B3 	 K	dash
16 012.1 Li SA-QCR CFD++ y y e2-HLCRM L	solid
17 012.2 Li SA-RC-QCR GGNS I y e1-HLCRM L	dash
18 014.1 Lofthouse SARC Kestrel y B2 	 N	solid
19 014.2 Lofthouse SARC+DDES Kestrel y B2 	 N	dash
20 015.1 Tao SA TRIP y participant	(?) O	solid
21 016.1 Pogosyan RSM-SSG/LRR-w LOGOS y B3 	 P	solid
22 016.2 Pogosyan SA LOGOS y B3 	 P	dash
23 016.3 Pogosyan SST LOGOS y B3 	 P	dot-dash

Y Dataset Complete

I Dataset Incomplete

Wang
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Case 1 Participants

Detailed List (continued)
Item PID Author Model Code 1a 1b 1c 1d Committee	Grid Participant	Grid Plot	Symbol
24 018.1 Moens SA elsA I B2 	 R	solid
25 019.1 Scalabrin SA SU2 y B3 	 S	solid
26 020.1 Nichols Wilcox2006 TENASI I B3 	 T	solid
27 020.2 Nichols Wilcox2006 TENASI I k-HLCRM T	dash
28 020.3 Nichols SST+SAS TENASI I B3 	 T	dot-dash
29 020.4 Nichols SST+SAS TENASI I k-HLCRM T	dot-dot-dash
30 020.5 Nichols SAS	k-e TENASI I B3 	 T	long	dash
31 020.6 Nichols SAS	k-e TENASI I k-HLCRM T	dash	0.8
32 021.1 daSilva SA BRU3D I d-HLCRM U	solid
33 022.1 Pulliam SA-RC-QCR2000 OVERFLOW y y A 	 V	solid
34 023.1 Yousuf SA-RC-QCR BCFD y e2-HLCRM W	solid
35 025.1 Cimpoeru SST-V-sust zCFD y participant	(?) Y	solid
36 026.1 Rudnik SA-neg TAU y p-HLCRM Z	solid
37 028.1 O'Connell LBM-VLES PowerFLOW I I participant	(?) a	solid
38 030.1 Langlois Wilcox88 Dragon y B2 	 b	solid
39 030.2 Langlois Wilcox88 Dragon y y f-HLCRM b	dash
40 031.1 Brionnaud WALE XFlow I participant	(?) d	solid
41 033.1 Jensen SA-QCR2000 LAVA y y A 	 f	solid
42 034.1 Escobar SA SU2 I B3 	 g	solid
43 035.1 Wurst SA-noft2 PHASTA y B1 	 h	solid
44 036.1 Luo SST FUN3D I B1 	 m	solid
45 039.1 Powell SA FUN3D I B2 	 	q	solid
46 040.1 Duque SA-noft2 OVERFLOW y A 	 r	solid

29 Participants
46 Datasets
• Case 1a =46
• Case 1b = 2
• Case 1c = 10
• Case 1d = 2

Y Dataset Complete

I Dataset Incomplete
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Compare Iterative Convergence for Lift and Residual

Forces and Moments:
•Focus on lift prediction for Case 1a
•Plot grid convergence using N-2/3

Ø grid convergence plots are used to visualize general trends only
•Compare grid convergence trends for various grid and turbulence model types
•Compare grid convergence trends between pre-defined grid family (global uniform 
refinement) and adapted meshes (targeted refinement)
•Compare increments due to flap gap

Pressures and Skin Friction:
•Focus on Medium Grid, a = 16° data at 3 span stations: h = 0.240, 0.552, 0.908

Velocity Profiles:
•Focus on Medium Grid, a = 16° data at 2 span stations: h = 0.240, 0.552
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• About 90% of Case 1a data shown
• Lift levels appear to be converged to at least the second decimal place 
• Dataset G and some of the T datasets stand-out at 16° as varying more in CL

over the second half of the run 
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• Based on the limited set of data submitted to date, there’s a 1-to-3 order drop in 
residual for the Medium Grid run at 8° angle-of-attack

• Many of the solutions stop converging very early in the run
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• Data show a general increase in lift with grid refinement
• There is a greater lift variation at higher alpha
• 16° plot shows larger slopes indicating greater sensitivity to grid refinement
• Datasets P, T, Z, d, g have slopes and levels significantly different than 

most other datasets
Note:  The Z data are for a Reynolds number of 32.6 million instead of 3.26 million
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• The variation in CL for the medium grid is significant at both angles-of-attack
• Spread at 8° is roughly 8% of CLmax

• Based on continuum values at 8° and 16°
• Estimate level at 0° and CLmax using CFD from design
• Error bars defined by participant data spread for medium grid
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• With data plotted separately, there are no obvious differences in refinement 
trends due to grid type.
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• With data plotted separately, there are no obvious differences in refinement 
trends due to grid type.
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• The Spalart-Allmaras (SA) turbulence model was broken-out because it was 
used in 63% of the Case 1 datasets.

• Excluding datasets Z and g, the multi-colored SA results appear to be tightly 
bunched together and trending in a consistent manner.  
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• Not clear what effect QCR and the Rotation (R) and Correction (C) terms have.
• “All Others” is made up of various TM types (including LBM), so it’s not 

surprising to see more CL variation compared to just the SA results.
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• Not clear what effect QCR and the Rotation (R) and Correction (C) terms have.
• “All Others” is made up of various TM types (including LBM), so it’s not 

surprising to see more CL variation compared to just the SA results.
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G data represent 
expected result at 
8° where coarser 
adapted mesh 
produces similar lift 
level as finer 
uniformly refined 
mesh.

The 16° adapted 
mesh data does 
not converge as 
quickly as 8°.

Uniform Refinement Adaption
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Considerable 
increase in drag 
variation at higher 
AOA.

The g dataset is an 
extreme outlier at 
8°.

The b dataset is an 
extreme outlier for 
pitching moment.

g
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Removed datasets P, T, Z, b, d, g based on general observations of CL/CD/CM
data trends and levels.
Note:  The Z data are for a Reynolds number of 32.6 million instead of 3.26 million
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• With outliers removed, the variation in CL for the medium grid level looks more 
promising

• Based on continuum values at 8° and 16°
• Estimate level at 0° and CLmax using CFD from design
• Error bars defined by participant data spread for medium grid
Removed datasets P, T, Z, b, d, g based on general 
observations of CL/CD/CM data trends and levels.
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Full Chord Gap

Partial Chord Gap
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eta = 0.240

• Significant variation in 
wing minimum Cp levels

• Flap minimum Cp levels 
vary more than wing
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eta = 0.552

• Significant variation in 
wing minimum Cp levels

• Flap minimum Cp levels 
vary more than wing

• Dataset P predicts 
significantly higher flap 
suction pressure
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eta = 0.908

• Significant variation in 
wing minimum Cp levels

• Datasets d and P bracket 
all upper surface wing 
pressures
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eta = 0.240

• Variation in skin friction is 
considerably larger than 
pressure variation

• Datasets Z, P and S 
represent the extremes for 
the wing

Note:  The Z data are for a 
Reynolds number of 32.6 
million instead of 3.26 million
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eta = 0.552

• Variation in skin friction is 
considerably larger than 
pressure variation

• Datasets Z, P, b and S 
represent the extremes for 
the wing

Note:  The Z data are for a 
Reynolds number of 32.6 
million instead of 3.26 million
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eta = 0.908

• Variation in skin friction is 
considerably larger than 
pressure variation

• Datasets Z, P and S 
represent the extremes for 
the wing

Note:  The Z data are for a 
Reynolds number of 32.6 
million instead of 3.26 million
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V

a

Z

Wing LE, Upper Flap

• Irregular Cp distributions on wing and flap suggest surface curvature issues
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eta = 0.240
Wing Rake

• Comparison covers 100” 
off surface (36% of Cref)

• Dataset T profiles show 
flow deceleration (slat 
wake?) near the surface 
where others do not
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eta = 0.240
IB Flap Rake

• Comparison covers 100” 
off surface (36% of Cref)

• Dataset r appears to be 
offset

• Datasets P and T 
represent wing BL and 
wake profile extremes
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eta = 0.552
Wing Rake

• Comparison covers 100” 
off surface (36% of Cref)

• Datasets P and T 
represent wing BL profile 
extremes
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eta = 0.552
OB Flap Rake

• Comparison covers 100” 
off surface (36% of Cref)

• Dataset K shows 
extreme flap BL profile 
near surface

• Datasets P and T 
represent profile 
extremes away from flap 
surface
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eta = 0.552
OB Flap Rake

007.1 Committee Grid à B1, Tetrahedral
• Nodes: 26M for Medium Grid

70M for Fine Grid
• Cells: 157M for Medium Grid

416M for Fine Grid

PID 007.1 PID 008.1

eta = 0.552
OB Flap Rake

008.1 Committee Grid à B3, Mixed (hex)
• Nodes: 27M for Medium Grid

71M for Fine Grid
• Cells: 48M for Medium Grid

119M for Fine Grid

Data submittal issue:    
profile is for initial coarse grid
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Lift convergence looks reasonable for most datasets

Grid Convergence Plots:
• Relatively large variation in lift level in the Medium Grid range
• Data scatter increases with angle-of-attack
• After removing outliers, lift variation improved substantially

CL/CD/CM increments due to partial chord flap seal are consistent

No clear data trends due to grid type or turbulence model

Pressure, skin friction and velocity data helpful in identifying potential 
outliers

Irregular pressure distribution on wing and flap suggest surface curvature 
issues
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• Lift convergence at 8° looks similar for the Medium and Fine Grids
• Need to plot Normalized Iteration and include labels to comment further
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• Lift convergence at 16° looks similar for the Medium and Fine Grids
• Need to plot Normalized Iteration and include labels to comment further
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Limited set of data 
for Case 1c

Even more limited 
set for Case 1b/d 
(not shown)

• Case 1a =46
• Case 1b = 2
• Case 1c = 10
• Case 1d = 2
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• Does not appear to be unique groupings or trends due to grid type
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eta = 0.329

eta = 0.418

Gap

Gap

Partial Seal

Partial Seal


